The aim of this study was to quantify the presence of cortical and cancellous bone in the mandibular symphysis. A descriptive study was conducted using cone beam computed tomography where skeletal class I and class III subjects were included, defined according to characteristics detected on dental, clinical and dental occlusion x-rays. From the 3D reconstruction, sections were used in relation to the axial axis of the teeth of the anterior sector; the amount of buccal cortical, cortical, lingual, inferior cortical and cancellous bone as well as symphysis height were determined. The measurements were taken using routine methods and analyzed with ANOVA and Tukey's HSD test with p <0.05 for statistical significance. 20 skeletal class I subjects aged 23 years (± 4.5) and 20 class III subjects aged 22 years (± 5.2) were included. Symphysis height was significantly greater in skeletal class III subjects, exceeding by 0.8 mm the height of class I subjects; the buccal cortical bone presented on average 2 mm less at different dental levels, whereas the lingual cortical and inferior basal bones were significantly larger than the buccal cortical bone. The cancellous and cortical bones did not present any significant differences between the two groups (p=0.093). The buccal and basilar cortical bone is smaller than lingual cortical bone.
INTRODUCTION
The mandibular symphysis is widely used in facial skeletal surgery; its anatomical study impacts directly on such functional and esthetic corrections as a genioplasty associated with orthognathic surgery as well as osteotomies to treat patients with a obstructive sleep apnea (Schendel et al., 2011) .
Trauma of the anterior mandibular zone is also prevalent, where the osteosynthesis displays an important variety of techniques and materials (Madsen et al., 2008) . Yet the precise anatomical study of the zone is needed to identify the best therapeutic options with low morbidity.
In this sense, facial deformities determine particular anatomical characteristics associated with the different types of deformities, which also demands adaptation in the application of some surgical techniques and in the observation of results (Pozzer et al., 2009) ; for that reason, previously, the authors have explored the symphysis anatomy, identifying characteristics of size and structure (Velásquez et al., 2015) . The biomechanical conditions of the mandible make this zone key to the stability of the mandibular arch and to the response to different biomechanical demands of daily functioning (van Eijden, 2000) .
The aim of this study was to quantify the cortical and cancellous bone in the mandibular symphysis and relate it to the teeth of the anterior area.
MATERIAL AND METHOD
A morphological study was conducted to measure the width of buccal cortical bone, inferior cortical bone, lingual cortical bone, cancellous bone and height of mandibular symphysis in adult subjects aged between 18 and 30 years with skeletal class I (Angle's class I) and class III (Angle's class III) with mandibular prognathism. Inclusion criteria were associated with the type of occlusion (Angle's type I or III), type of overjet (2 to 4 mm of sagittal relation for Angle's class I; -1 mm or less for Angle's class III) and definition of ANB angle (0 to 4º for skeletal class I; 0º or less for skeletal class III). Subjects who had another dental and/or skeletal class, subjects with facial malformations, subjects with facial asymmetries with chin deviation greater than 5 mm from the midline, and subjects with extractions or previous surgeries in the area of interest were excluded.
Subjects were recruited in the Division of Oral and Maxillofacial Surgery at the Universidad de La Frontera and agreed to participate in the study by signing aninformed consent. This study was approved by the Ethics Committee of the Universidad de La Frontera, Protocol nº 052/2015.
The study was conducted by analyzing images obtained from cone beam computed tomography (CBCT) taken in the maximum intercuspation position using the PlanMeca ® device (Korea); the images were analyzed in the EZ3D plus computer program (2009) by a single observer who took the measurements at two-week intervals; the correlation coefficient between the first and second measurement was 0.99 and presented a value of p=0.001.
To take the measurements, the 3D image was positioned to establish the mandibular median line, setting the central bone point between the right and left lower central incisors, coinciding in its lower part with the mandibular median line. The 2D image was obtained from that position; then, for each tooth of interest, the image was moved from this central location until positioned on the tooth's axial axis that came in contact with the dental apex, so that each study area was kept at the same tilt and angulation.
The measurements were taken on the lower right canine (RC) and left canine (LC), lower right lateral incisor (RLI) and left incisor (LLI), lower right central incisor (RCI) and left incisor (LCI); in each of these teeth, 6 linear measurements were taken that interpreted the bone height in the area, the cortical bone thickness and the thickness of cancellous bone as follows ( Fig. 1 ):
Line A: Straight line from the tooth apex to the lowest point of the basal area (in the cortical bone) of the tooth. Line B: 5 mm below the apex of each tooth, a perpendicular line was made to line A from the lingual cortical bone to the buccal cortical bone. Line B corresponds to thewidth of cancellous bone measured between the internal point of the medial lingual cortical bone and the internal point of the buccal cortical bone. Line C: 10 mm below the apex of each tooth, a second perpendicular line was made to line A from the lingual cortical bone to the buccal cortical bone. Line C corresponds to the width of cancellous bone measured between the internal point of the medial lingual cortical bone and the internal point of the buccal cortical bone. Line D: In the same direction as line B, the distance was established between the most posterior and most anterior point of the buccal cortical bone. Line E: In the same direction as line C, the distance was established between the most posterior and most anterior point of the buccal cortical bone. Line F: In the same direction as line B and D, the distance was established between the most posterior and most anterior point of the lingual cortical bone. Line G: In the same direction as line C, the distance was established between the most posterior and most anterior point of the lingual cortical bone. Line F: In the same direction as line A, the distance was established between the highest and lowest point of the inferior cortical bone.
Each result was expressed in millimeters. The data were analyzed with a one-way ANOVA and Tukey's HSD test, considering a value of p<0.05 to determine statistical significance. 
RESULTS
Group 1. 20 subjects were included in this group with an average age of 23 years (+ 4.5), 12 (66.6 %) women and 6 (33.3 %) men.
In general terms (Table I) , the vestibular cortical bone presented an average of 1.51 mm in the superior point and 1.83 mm in the inferior point and was consistently greater than the lingual cortical bone, with close to 1 mm more in the superior and inferior sectors (2.44 mm in the superior zone and 3.00 mm in the inferior zone), and this was statistically significant (p=0.021). The basal cortical was larger than the lingual cortical bone, although it did not show any significant differences with the lingual zone (p=0.210); the cancellous bone observed was on average 5 mm from the superior point and 5.07 mm in the inferior point, being larger at the level of the central incisors and smaller at the canine level. In the inferior area, at the central incisor level, the amount of cancellous bone was statistically greater than the groups of lateral incisors and canines (p=0.048).
At the superior level (5 mm under the apex, Fig. 2 ) the amount of cortical bone (buccal and lingual) and cancellous bone presented an average of 8.95 mm; at the inferior level (10 mm under the apex, Fig. 3 ), the same measurement (cortical Table I . Group 1: Distribution of average (X) and standar deviation (SD) in measurements in with Angle class I subjects. and cancellous) was 9.9 mm. The differences were significant (p=0.041), although it was mainly at the expense of differences in cortical bone. The symphysis height from the apical limit to the base was on average 18.15 mm, being greater at central incisor level and less at canine level (Fig. 4) ; by contrast, the basal cortical bone was greater at canine level and less at central incisor level (Fig. 5) .
Group 2. 20 subjects were included in this group with an average age of 22 years (+ 5.2), with 20 (71.4 %) women and 9 (28.6 %) men.
In general terms (Table II) , the vestibular cortical bone presented an average of 1.54 mm in the superior point and 1.93 mm in the inferior point and was consistently larger than the lingual cortical bone, with close to 1.05 mm more in the superior and inferior sectors (2.49 mm of lingual cortical bone in the superior area and 3.15 mm of lingual cortical bone in the inferior area), and this was statistically significant (p=0.030) just as in Group 1. The basal cortical bone (average of 3.03 mm) was larger than the lingual cortical bone, although it did not show any significant differences with the lingual zone; the cancellous bone observed Table II . Group 2: Distribution of average (X) and standar deviation (SD) in measurements in with Angle class III subjects. Fig. 4 . Vertical measurement from dental apex to cortical bone in class I and class III subjects. Int. J. Morphol., 35(3):1133 -1139 , 2017 was on average 4.57 mm of the superior zone and 4.92 mm in the inferior zone, being larger at the level of the central incisors and smaller at canine level. This area of cancellous bone was 0.15 and 0.05 mm smaller than in Group 1 in the different areas of measurement. In the inferior zone, at central incisor level, the amount of cancellous bone was statistically greater than the groups of lateral incisors and canines (p=0.003).
At the superior level, the total cortical (buccal and lingual) and cancellous bone presented an average of 8.6 mm (0.3 mm less than that observed in the same measurement in Group 1); at the inferior level (Fig. 2) , the total cortical and cancellous bone was 10 mm (Fig. 3) , which is almost no difference with the same area in Group 1. The symphysis height from the dental apical limit to the base was on average 18.80 mm, being higher at central incisor level and lower at canine level.
DISCUSSION
The morphology and analysis of cortical and cancellous bone of the mandible is important due to the variety of surgical procedures performed in that area. The anterior zone of the mandible, however, has received poor attention. The position of cortical and cancellous bone is relevant in this zone since the mandibular symphysis is constantly subjected to surgeries to treat sleep apnea (Schendel et al.) , esthetic genioplasty surgeries with different techniques (Assis et al., 2014) and trauma-related osteosyntheses (Madsen et al.) .
Our results report significant differences between class I and class III subjects. Clinically, however, this difference may not be important, considering that some differences are less than a millimeter. It is possible that our sample influences the smaller differences observed in this investigation.
The cortical bone in both groups does not exceed 2 mm in the buccal sector and was almost 3 mm in the lingual sector. The lingual cortical sector and basal cortical sector, in both groups, were consistently thicker than the buccal cortical bone. It is possible that the lingual and cortical basal bone of the symphysis has a more important role in the mechanical resistance of the mandible than the anterior cortical bone (van Eijden) , although these hypotheses must be examined in future studies.
Since the 1990s, the use of osteosynthesis associated with screws and plates in the mandible has been described as a safe technique, with low complication rates (Nakamura et al., 1994) . It is considered that 5 mm under the apex of the tooth, there is a safety zone that reduces the risk of postoperative dental injuries; osteotomies and osteosynthesis must use this condition to reduce the risks. In this study, the total sagittal measurement of the mandibular symphysis was 8.95 mm (superior level) and 9.9 mm (inferior level) in dentoskeletal class I subjects and 8.60 mm (superior level) and 10.0 mm (inferior level) in class III subjects, which makes it possible to analyze the depth of penetration of the cutting and perforating elements used in osteotomies and osteosyntheses; greater deepening of the cutting elements in this area implies more options of soft tissue injury, with the resulting increased postoperative bleeding and edema due to soft tissue trauma.
Modifications proposals by some authors (Triaca et al., 2009; Fariña et al., 2012) promote high osteotomies, near the dental margin. Some recent publications have shown the presence of the incisor canal in this zone (Vu et al., 2015) as well as the possibilities of paresthesia and nerve disorders in osteotomies for obtaining of bone grafts. Taking our results into consideration, high osteotomies can create new risk variables for injury to the teeth adjacent to the osteotomy. Similarly, if the osteotomy is high, the osteosynthesis will be even higher, generating greater risks in the perforations made. The canine zone was never as high compared to central incisor area and this condition must be considered in modifications to osteotomies performed in the mandibular symphysis area.
In a research (Al-Jandan et al., 2013) studied 50 subjects using CBCT (18 to 33 years old), and at the apical level of the canine, an average buccal cortical bone of 1.78 mm was observed, determining that with 3 mm of perforation in this area there is a risk of dental injury. Our results, 5 mm under the area of the tooth apex, show cortical bones less than 2 mm. Our results do not analyze the direct relation with tooth roots and it is not possible to define risks of direct damage to tooth roots in our study.
On other hand, 100 mandibles were analyzed by tomography of subjects between 33 and 87 years in their premolar area, identifying the installation of osteosynthesis plates in the area of the mental foramen (de Souza Fernandes et al., 2010) . They reported that the distance from the buccal cortical bone to the tooth roots was approximately 3 mm. Likewise, Fernandes et al. (2010) studied cadaver mandibles, concluding there is 3 mm of cortical bone in at least 77.5 % of the cases and previous studies reported that the size of buccal cortical bone is approximately 3 mm, indicating that this would be sufficient to insert screws with 3 turns to anchor securely in the cortical bone (Park et al., 1989) .
Although Champy et al., (1978) concluded that cortical support is enough to maintain the stability of the screws installed in the case of fractures, it has been described that in the case of genioplasty for chin advancement (Park et al.; Van Sickels et al., 1994) it is possible that the muscle package inserted in the lingual cortical bone may exert sufficient pressure to cause traction and recurrences of the procedure; in this sense, 2 mm in cortical bone in the buccal side could be not sufficient for plate support.
It has been shown that the length of the screw is not important in the mechanical resistance, but rather the number of screws per segment (Haug, 1993) ; others concluded that the width of the screw is relevant related to the size of the perforation made (Hughes & Jordan, 1972) . However, there is a difference in the mechanical response of 2 mm or 1.5 mm screws as well as in the length of the screw, where variations in the bone quality can affect the mechanical response of the system (Saka, 2000) . Based on our results, 9 mm screws in the superior area and 10 mm in the inferior area can contribute to the bicortical function of the screw. In the case of monocortical screws, 2 mm of cortical bone present in the buccal sector seems insufficient to ensure segment stability. Additionally, in an experimental model (Kerawala et al., 2003) the possibility of compression with plates and monocortical screws was reported, highlighting the importance to the cortical bone in the area. Using the available bone, the ideal sector to install the screws is related to the central incisors, which present greater symphysis height compared to the canine zone.
We can conclude that the lingual cortical and basilar cortical bone is significantly greater than the buccal bone and the presence of cancellous bone is similar in class I and class III subjects. Comparative relations with subjects with Type II dentoskeletal deformity must be defined.
